Facial reconstruction is a forensic anthropological technique based on a database of facial soft tissue thickness; however, the information available is generally insufficient to completely reconstruct facial features.
from an unidentified human skull, particularly for reconstruction of the ears, lips and nose, as these are not closely adherent to the underlying bone 1) .
The profile of the nose is generally constructed using a method involving the relationship between the length of the anterior nasal spine (ANS) and the angle of the nasal bone known as Gerasimov's two-tangent method [5] [6] [7] [8] [9] [10] [11] [12] . Stephan et al. used a regression equation and Prokopec et al. used a method involving the rim of the piriform aperture, which they believed compared favorably with previous methods, to estimate the position of the nasal tip 11, 13) . Their method appears accurate and reliable, but is rather difficult to apply and impossible to use if the maxilla is damaged. Bony and soft tissue growth estimation methods are used in orthodontic treatment to predict changes in facial appearance [14] [15] [16] [17] . However these orthodontic analyses are difficult to apply directly in the forensic field, because when an unidentified human skull is found, soft tissue is usually absent or damaged. Further, the only such method defined for the Japanese population is for facial soft tissue thickness [18] [19] [20] .
In the present study, which uses lateral cephalometric X-ray images from Japanese children, the author has attempted to ascertain the relationship between the nasal tip and the cranial base, and so to create a simple new discriminative method of nasal reconstruction from the juvenile skull that is unaffected by damage to the middle of the face region and is responsive to age differences 21) . Measurements were obtained from lateral cephalograms, with five dimensions selected for use in estimation. Because these measures indicate only length and angle, they are not individually sufficient for prediction. However, by combining the five dimensions in pairs, nine functional factors for prediction were generated. Estimates using these nine factors were compared with actual nasal tip location to identify the most reliable among them.
Materials and Methods
Measurements were taken from diagnostic cephalometric X-ray films (lateral view) obtained from 128 Japanese boys (aged 7-18 years) who were undergoing orthodontic treatment at Matsumoto Dental University Department of Oral radiology. All subjects were otherwise in good health. Informed consent was obtained from their parents. The cephalometric X-ray images were obtained with a 165-cm film-to-tube distance and rigid head fixation.
Soft tissue and skeletal features were traced on acetate sheets using craniographic methods [22] [23] [24] [25] [26] , after which the Frankfort Horizontal plane (FH plane) was set as the line joining the lowest point of the orbital margin and the highest point of the external acoustic meatus. The following four anthropological landmarks on the sagittal plane were then plotted on the acetate sheets for the purposes of estimation: point (S), the sella turcica, located at the center of the hypophysial fossa; point (N), the nasion, the intersection of the sutures of the left and right nasal bone and the frontal bone; point (Ba), the basion, located at the intersection of the sagittal plane and frontal margin of the foramen magnum; and point (Prn), the pronasale, the apex of the nose (determined as the point where a perpendicular line from the FH plane intersected the tip of the nose) [27] [28] (Fig. 1 1- 7) .
At this stage of feature tracing, nine duplications of the skeletal features and three bony landmarks marked on the acetate sheets were traced onto paper of the same size for future use in recording predictions. The dimensions (S-N), (N-Prn) and (S-Prn) were then plotted on the original acetate sheets. The following operations for each subject were then performed:
Measuring distances and angles of each anthropological landmark
The distances (S-N), (N-Prn) and (S-Prn) were measured; the two angles between these lines and the angle (N-S-Ba) were also measured ( Fig. 1 8-12 ).
Calculation of ratio to generate discrimination
function Using these measurements, the ratios of S-N to N-Prn (N-Prn/S-N), S-N to S-Prn (S-Prn/S-N), and of the angle N-S-Ba to N-S-Prn (N-S-Prn/N-S-Ba) (see Table 1 ) were calculated.
Prediction (One-dimensional)
Distance (S-N) was multiplied by the mean of the (N-Prn/S-N) ratio (1) and the (S-Prn/S-N) ratio (2) [applying the measured S-N distance to (1) and (2) ]. The means of the (S-N-Prn) angle (3) and the mean (N-S-Prn) angle (4) were then plotted. The (N-S-Ba) angle was multiplied by the mean (N-S-Prn/N-S-Ba) ratio (5) . This procedure allowed five lines to be plotted in the nasal region. The value (1) is the distance between point (N) and (Prn), and (2) is the distance between (S) and (Prn). The mean of angle (3) identifies the point (N) on the (S-N) plane; the mean angle of (4) identifies the point (S) on the (S-N) plane; and the mean angle of (5) identifies the point (S) on the (S-N) plane. These five lines are not singly able to indicate the location of the nasal tip, as they indicate only length and angle. ( Fig. 1 8-12 , Table 2 ) This study needs to be applied to other in Japanese children for comparison, at the latest prediction methods can not be applied directly because of differences in X-ray setting standards. (Some landmarks recognised in other studies are not noted in Japanese X-ray settings.) Therefore, in this study, the authors needed to compare five lines and all combinations of them to indicate the most reliable prediction by value. Table 1 
Prediction (Two-dimensional)
These five lines can be combined to predict nine estimates of nasal tip at their intersections ( Fig. 2a-2i , Table 3 ). Using compasses that set each value at half the diameter, functions (1) and (2) subtended a curve at the nose region. Functions (3), (4) and (5) drew two lines at angles from points (S) and (N) to a point of intersection.
Distance (S-N) and the angle of (N-S-Ba) for (2) and (3) the predicted locations of the nasal tip were then measured and recorded by the 1st author (who also performed the statistical analyses). These nasal tip predictions were recorded on the paper copies on which only skeletal features were traced. To avoid subjective bias, this was carried out by the 2nd author.
Comparison between predicted and actual nasal tip
The original acetate sheet was then superimposed on (3) and (5) ESTIMATION OF NASAL TIP POSITION USING LATERAL CEPHALOMETRIC X-RAY IMAGES IN JAPANESE MALE CHILDREN the paper and the distance between the actual nasal tip and the predicted nasal tip was measured.
6. Calculation of mean S.D. and range on each age groups Measurements, categorized into the age groups Ͻ9, 10-11, 12-13, 14-15, and 16-18 years are shown in Table 4 . The measurements were corrected to true size (enlargement by a factor of 1.1 occurred in obtaining the original measurements) and means, standard deviations, range and differences were calculated for each age group. The mean values of #4, 5, 6, 7 and 9 in Table 4 were used to generate discriminative functions for each age group (Tables  2 and 5 ). (Table 6 ). To determine the most reliable method of prediction, not only were individual comparisons (i.e. one-dimensional prediction: actual nasal tip and predicted (S-Prn) or (N-Prn) length), with comparison based on a single Table 3 Pairs of dimensions used to predict nasal tip Point i:
Intersection of (1) and (2) Point ii:
Intersection of (1) and (3) Point iii:
Intersection of (1) and (4) Point iv:
Intersection of (1) and (5) Point v:
Intersection of (2) and (3) Point vi:
Intersection of (2) and (4) Point vii:
Intersection of (2) and (5) Point viii: Intersection of (3) and (4) Point ix:
Intersection of (3) and (5) calculated value only, were made, but two-factor comparisons (two-dimensional prediction: actual nasal tip and predicted nasal tip based on intersection of two prediction lines) of means, S.D.s, and the range of distances between actual nasal tip and the nine predicted tip points, were also made ( Table 7) .
Comparisons between other research and this study (distance of error)
The predicted point that was closest to the actual nasal tip in each age group was compared for accuracy with predictions using Stephan's, Gerasimov's and Prokopec's methodologies (Table 8 ).
Each Tables following;  Table 1 shows measured values of distance and angle except 4, 5 and 9. These three are show ratios obtained six other measurements, and Table 4 shows the results of measurement and calculation from Table 1 . Table 2 shows "Factors generated for prediction" on Table 5 . (1), (2) and (5) in Table 5 show the ratios obtained from means value of comparisons with distance between S-N or angle of NSBa on Table 4 . Table 3 shows the combination patterns for prediction of nasal tip indication generated by the intersection of two dimensions (of 5 on Table 5 ). All points are shown in Fig. 2a-2i . Table 4 shows the mean value obtained by applying measured distances, angles and calculated ratios from Table 1 , divided into five age groups. Table 5 shows the prediction functions of each of five age groups collected together for done nasal tip prediction and facial reconstruction work. Table 6 shows the differences between actual and predicted nasal tip by student's t-test, measuring from points N and S to Prn, and the N-S-Prn angle. Table 7 shows the predicted points i-ix defined in Table 3 and drawn on Fig. 2a-2i . These are defined by circles and angles. The average distance between each at the nine predicted points and actual Prn are shown. The author selected the most reliable prediction, i.e. the shortest distance of these nine predictions in this study. These shortest distances are marked in gray on Table 7 . Table 8 shows comparisons of distance from actual nasal tip to predicted nasal tip between this study and other three studies.
The author required two-dimensional prediction rather than one-dimensional although forensic artists require just one point to set the Prn (nasal tip). The intersection of two-factor (line and line or line and angle) is easier to set than when using a one-dimensional method.
Results
The raw measurement data are shown in Table 4 . For each measure, mean, standard deviation, and range in each age group are given. Mean values increased with increasing age for measures 1, 2, 3, 4, 5 and 6, while there was little change in other measures across the age groups. The largest standard deviations observed for all measures occurred in the age group of 12-13 years.
The nasal tip predictions generated by measures 4, 5, 6, 7 and 9 of Table 4 are shown in Table 5 . Measures (4) and (5) changed little as a result of calculation.
Comparisons between actual nasal tip locations and nasal tip one-dimensional predictions are shown in Table 6 . The errors in predicted distance were small: for distance between (N-Prn), less than 0.58 mm, and for (S-Prn) less than 0.8 mm, across the age groups. A t-test indicated no significant differences between actual and predicted nasal tip locations.
The mean distances from actual nasal tip to the predicted nine points using two-dimensional prediction are shown in Table 7 . In all age groups except the group aged 16-18 years, the distance was shortest at point (vii).
Discussion
The aim of this study was to devise a method by which nasal tip position could be estimated, to allow forensic facial reconstruction of an unknown juvenile human skull. (Table 4 ). (The larger standard deviations observed in age group 12-13 years are thought to result from differences in the age of onset of the adolescent facial growth spurt [29] [30] .) When the predicted nasal tip characteristics based on these measures were compared with the actual ones, they differed by less than 1 mm in length and less than 1 deg in angle, and the Student t-test showed no significant differences between real and predicted measures.
However, as these one-dimensional measures are not sufficient for complete prediction, intersections of the measures were used to plot nine predicted points for the nasal tip location. The distances between these nine points and the actual nasal tip were measured (Table 7) and compared for accuracy. In four of the five age groups, Point vii [the combination of (2) (S-Prn length prediction) and (5) (angle of N-S-Prn prediction)] provided the most accurate prediction of the actual nasal tip, but in age group 16-18, Point iv [combination of (1) and (5) ] was the most accurate. This difference may result from the termination of age-related growth, and should be tested using a sample group aged 18 years and older.
The finding that in the final phase of puberty nasal tip prediction from the sella turcica (S) is superior to prediction from the nasion (N) suggests that, during growth, while facial height and depth are changing, the relative location of the nasion moves too. This is not the case with the sella turcica (S) because of its position almost at the center of the skull.
To investigate the instability found in the 12-13 years age group, an altered classification into 10-12 and 13-15 years groups was investigated. However, increasing the age range of the groups in this way had a negative effect on the difference between the predicted and actual distances. The original groups of smaller age range were thus maintained, in order to reduce the error value.
Calculations of position in this study produced measures with an average of 0.3 mm larger error that those produced by Stephan's regression, but with an average of 9.2 mm smaller error that those produced by Gerasimov's method and 2.0 mm smaller error than with Prokopec's method. (Table 8 ) It is difficult to reproduce the methodology of Stephan and others in Japan because of differences in X-ray conditions between Japan and Australia. Stephan's method requires tracing of the nasal aperture and vomer profile, but they cannot be traced with the cephalograms used in this study. The subjects also differ in age and ancestral type. Nevertheless the accuracy of prediction is almost numerically identical (e.g., distance between actual nasal tip and predicted nasal tip in [16] [17] [18] year age group: this study, mean‫6.2ס‬ mm, S.D. 1.9; Stephan's regression, male mean‫3.2ס‬ mm, S.D. 1.7; Gerasimov's method, male mean‫8.11ס‬ mm, S.D. 9; Prokopec's method, male mean‫6.4ס‬ mm, S.D. 1.9)
The method devised in the present study is able to plot the nasal tip using just three skull landmarks, and a prediction can be made even if the skull has a damaged maxilla region, provided that the nasal bone and cranial base remain. This means that this method is able to predict the nasal tip in a far greater range of damaged skulls than was previously possible.
In plastic reconstructive surgery, the operation technique called Rhinoplasty, used for nasal remodeling, is classified at three levels according to the additional projection required: Minor reconstruction, when the tip requires only 1-2 mm of additional projection; Moderate, when the tip needs 2-3 mm of additional projection; and Major, when the tip has flat splayed alar cartilages ensheathed in thick skin. In the context of the classification of projections used in reconstructive surgery, the errors in location produced by our predictive method seem relatively large, but it should be borne in mind that the purpose of minor and moderate reconstruction is to produce a natural, attractive appearance, not to correct an imbalanced face. In all our age groups, except the age group of 12-13 years, the average shortest error was in the range between minor and moderate operations (about 1-3 mm), and would not result in an extremely different prediction of the nasal tip from reality 31) .
This method should be readily employable in investigations, simply by photographing the lateral skull, without the need for an X-ray. The points S and Ba can be marked on the skull surface and distances in the photographs adjusted to actual skull size. Thus the same prediction method as we used with a cephalogram can be used with a normal photograph.
In future research, this method of prediction will be investigated for use in estimating nasal tip position in adult Japanese and in female children. We also plan to investigate other dimensions for use in combination with the current technique, in pursuit of greater accuracy of prediction. Further comparisons with the results obtained by other methods in other populations are also needed.
Conclusion
The present study reports the development of a method of prediction of nasal tip location for the purposes of facial reconstruction from the skeletal remains of Japanese male children. Its particular advantage is that it can be used when lower facial region damage has occurred. It is easy to use, as it requires only two measurements, S-N length and angle of N-S-Ba, for calculations specific to each age group. Prediction of the nasal tip differed from the actual location by less than 2.7 mm, a distance that lies in the moderate to minor range in plastic surgery reconstruction, and was of an accuracy almost equal to that of Stephan's regression.
